This paper introduces a novel, semantics-informed geologic mapping process, whose application domain is the production of a synthetic geologic map of a large administrative region. A number of approaches concerning the expression of geologic knowledge through UML schemata and ontologies have been around for more than a decade. These approaches have yielded resources that concern specific domains, such as, e.g., lithology. We develop a conceptual model that aims at building a digital encoding of several domains of geologic knowledge, in order to support the interoperability of the sources. We apply the devised terminological base to the classification of the elements of a geologic map of the Italian Western Alps and northern Apennines (Piemonte region). The digitally encoded knowledge base is a merged set of ontologies, called OntoGeonous. The encoding process identifies the objects of the semantic encoding, the geologic units, gathers the relevant information about such objects from authoritative resources, such as GeoSciML (giving priority to the application schemata reported in the INSPIRE Encoding Cookbook), and expresses the statements by means of axioms encoded in the Web Ontology Language (OWL). To support interoperability, OntoGeonous interlinks the general concepts by referring to the upper part level of ontology SWEET (developed by NASA), and imports knowledge that is already encoded in ontological format (e.g., ontology Simple Lithology). Machine-readable knowledge allows for consistency checking and for classification of the geological map data through algorithms of automatic reasoning.
Introduction 1
This paper introduces a novel, semantics-informed geologic mapping pro-2 cess for the production of a synthetic geologic map of a large administra- 2. the suitability of the representation for the task at hand, such as, e.g.,
10
the descriptive elements of some feature.
11
Here we focus on the latter point, that is the representational issues that raise 12 in the geologic mapping task. In particular, this paper presents a concep- and reasoning tools -we employ Pellet (Sirin et al., 2007) ). 33 However, the design and implementation of a conceptual model is not and not others?
40
• How do we define a correct classification of instances?
41
• What is the nature of relations existing over classes and instances? 42 Ontological representation has been the goal of philosophical disciplines for 43 centuries and then of computer science for decades (Hitzler et al., 2009b) .
44
The definition and usage of the Semantic Web framework (Berners-Lee et al., and interoperability of data, 2) a semantic approach to the representation, 54 and, through the machine-readable encoding, 3) an immediate support to 55 applications.
56
The knowledge sources for realizing such an encoding of classes and in- The geomapping task requires a framework for the adequate description Once we have identified the domain elements that are relevant for the ge- we are able to implement automatic reasoning and then classification; respect to the whole knowledge base.
277
In our case, the objects that result from the conceptual modeling task are 
300
The concept GeologicFeature, which encompasses all the geologic core 301 knowledge, is related to many external concepts, which define its major dis-302 tinctive attributes. We enumerate these external concepts going downwards respectively, and refer to specific vocabularies in GeoSciML. Figure 4: The interlinked geologic knowledge base OntoGeonous at a glance: main isA relations (double-line arrows, e.g., GeologicUnit isA GeologicFeature), object property relations over classes (e.g., a GeologicFeature hasOccurrence some MappedFeature), unspecified object properties between the classes in two taxonomies (e.g., classes within the taxonomy rooted by GeologicFeature and within the taxonomy rooted by GSMLAbstractDescription). Colors distinguish the provenance of the classes from the individual authoritative resources.
addressing the criteria for defining the subclass, or subsumption, relation. In 
Concept axiomatization of major classes

376
The concept axiomatization process is a fundamental part of the onto-377 logical encoding because of its relevance for the classification task. The goal 378 of this process is to produce an axiom, that is an absolute truth about a 379 concept: operationally, this means to identify the necessary and sufficient 380 conditions for an object to be classified as an instance of some concept. This 381 is why a concept is often called a class in the modern ontological terminology.
382
In order to illustrate the concept axiomatization process, which goes through 383 semi-formal steps of semantic interpretation of natural language definitions 384 and UML schemata, we introduce a running example (Lithotectonic Unit). properties -OP and datatype properties -DP) over classes.
406
In the third row, the expression DeformationStyle. The second part, "mutual relations" is included in the "structural features" interpretation as "the spatial relations imposed by the 423 related geologic structure", and so does not contribute further to the defini-424 tion. Finally, the third part, "origin or historical evolution", can be inter-
425
preted as a generic relation to some geologic event, through the object prop-426 erty isRelatedToEvent, whose range is the generic class GeologicEvent.
427
The fourth row makes reference to the composition material of the geo- 
Encoding of instances and incremental validation of knowledge
446
Each time a novel axiom is added to the knowledge base, some instances 447 that are related to the axiom are encoded to test the consistency through 448 an application of automatic reasoning. In Figure 7 we report the encoding Zone, which is bounded by two faults and is related to a tectonic event.
451
The consistency of the knowledge base is tested through the application properties, which connect some concept to some other concept, mainly em- are geologic units (over a totality of about 6,000 geologic units in the map).
481
These 34 units were selected to cover the most of the classes contained in the 482 ontology; the rest of the instances account for all the concepts that contribute 483 to the definitions of the unit classes. We encode the rest of the units through 484 an ingestion program that creates the instances after a direct retrieval from 485 the current data base underlying the map.
486
We conclude this section with one example of query on the current knowl- 
